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©  Nonvolatile  flash-EEPROM  memory  array. 
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©  To  reduce  the  number  of  depleted  cells  (21)  and 
the  errors  caused  thereby,  the  memory  array  (20) 
comprises  a  number  of  groups  of  control  transistors 
(23)  relative  to  respective  groups  (22)  of  memory 
cells.  The  control  transistors  (23)  of  each  group  are 
NMOS  transistors  having  the  drain  terminal  con- 
nected  to  its  own  control  line  (BLP),  and  each  of  the 
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control  transistors  of  one  group  is  relative  to  a  row 
portion  of  the  memory  array  (20):  More  specifically, 
each  control  transistor  (23)  presents  the  control  gate 
connected  to  the  respective  word  line  (WL),  and  the 
source  region  connected  to  the  source  region  of  the 
cells  (21)  in  the  same  row  and  in  the  same  group 
(22). 
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The  present  invention  relates  to  a  nonvolatile 
flash-EEPROM  memory  array. 

Flash-EEPROM  memories  are  known  to  consist 
of  an  array  including  a  number  of  cells  arranged  in 
rows  and  columns  and  connected  to  circuitry  en- 
abling  them  to  be  written  (programmed),  read  and 
erased  electronically,  extremely  rapidly,  and  with 
high  density  integration. 

Flash-EEPROM  memory  cells  are  similar  to 
those  of  EEPROMs,  except  that  they  present  a 
very  thin  gate  oxide  layer  (between  the  substrate 
and  floating  gate  region). 

Though  highly  promising  at  present,  due  to  the 
above  characteristics  -  electric  erasability  and  high 
density  -  flash-EEPROM  memories  continue  to 
present  several  drawbacks  limiting  their  use. 

One  of  the  main  drawbacks  of  this  type  of 
memory  is  due  to  dispersion  of  the  threshold  value 
of  the  erased  cells  (i.e.  the  voltage  to  be  applied 
between  the  control  gate  and  source  regions  for 
turning  the  cell  on).  Such  dispersion,  representable 
by  a  bell-shaped  curve  centered  about  a  mean 
value,  is  due  to  the  erase  process  employed,  which 
consists  in  applying  a  high  voltage  to  the  source 
regions  of  the  cells  for  extracting  electrons  from 
the  floating  gate  (unlike  EEPROM  memories 
wherein  erasure  is  effected  by  ultraviolet  radiation). 
The  outcome  of  electronically  erasing  the  cells  as 
described  above  depends  on  various  factors:  chan- 
nel  length  (which  may  vary  from  one  cell  to  another 
due  to  misalignment  of  fabrication  masks  or  other 
technical  problems);  the  erase  voltage  applied  to 
each  cell  (the  source  regions  of  flash-EEPROM 
cells  are  formed  in  a  single  diffusion,  which  is 
connected  by  contacts  and  at  regular  intervals  to  a 
metal  source  line;  due  to  the  series  resistance  of 
the  N+  type  diffusion,  however,  the  erase  voltage  of 
the  cells  furthest  from  the  contacts  differs  from  and 
is  lower  than  that  of  the  closer  cells);  threshold 
voltage  reached  after  programming  (also  variable); 
and  weak  erasure  phenomena. 

Another  drawback  typical  of  flash-EEPROM 
memories  is  the  possibility  of  read  errors,  due  to 
the  presence  of  overerased  cells  and  the  absence 
of  selection  transistors  for  each  cell  as  on  EEPR- 
OM  memories. 

It  is  an  object  of  the  present  invention  to  pro- 
vide  a  flash-EEPROM  memory  designed  to  over- 
come  the  aforementioned  drawbacks. 

According  to  the  present  invention,  there  is 
provided  a  flash-EEPROM  memory  array  as 
claimed  in  Claim  1  . 

A  preferred  non-limiting  embodiment  of  the 
present  invention  will  be  described  by  way  of  ex- 
ample  with  reference  to  the  accompanying  draw- 
ings,  in  which: 

Fig.1  shows  an  electric  diagram  of  a  portion  of  a 
known  flash-EEPROM  memory  array; 

Fig.2  shows  the  layout  of  the  known  Fig.1  mem- 
ory  array; 
Fig.3  shows  an  electric  diagram,  as  in  Fig.1,  of  a 
flash-EEPROM  memory  in  accordance  with  the 

5  present  invention; 
Fig.4  shows  the  layout  of  the  Fig.3  flash-EEPR- 
OM  memory  array; 
Fig.5  shows  a  larger-scale  view  of  a  detail  in 
Fig.2; 

io  Fig.6  shows  a  graph  of  threshold  voltage  dis- 
tribution  resulting  from  misalignment  of  the  fab- 
rication  masks; 
Fig.7  shows  the  decoding  architecture  of  a 
known  array; 

75  Fig.8  shows  a  cross  section  of  a  memory  cell  in 
accordance  with  the  present  invention; 
Fig.9  shows  the  decoding  architecture  of  the 
array  according  to  the  present  invention; 
Fig.1  0  shows  the  connection  of  a  number  of 

20  cells  in  the  known  Fig.1  array; 
Fig.1  1  shows  the  same  view  as  in  Fig.1  0,  rela- 
tive  to  the  array  according  to  the  present  inven- 
tion; 
Fig.1  2  shows  the  current-voltage  characteristics 

25  of  memory  array  cells. 
For  a  clearer  understanding  of  the  present  in- 

vention,  reference  will  first  be  made  to  Fig.1  show- 
ing  the  architecture  of  a  portion  of  a  known  flash- 
EEPROM  memory  array  (indicated  as  a  whole  by 

30  1). 
As  shown  in  Fig.1,  array  1  comprises  a  number 

of  cells  2  arranged  in  rows  and  columns  and  di- 
vided  into  sectors  3,  each  comprising  a  predeter- 
mined  number  of  columns.  The  cells  in  the  same 

35  row  in  each  sector  3  present  gate  regions  con- 
nected  to  the  same  word  line  WL0-WL4;  the  cells 
in  the  same  column  present  drain  regions  con- 
nected  to  the  same  bit  line  BL0-BL4,  BLn;  and  all 
the  cells  in  the  sector  present  mutually  connected 

40  source  regions.  More  specifically,  the  source  re- 
gions  of  cells  2  in  each  row  in  the  sector  are 
mutually  connected  by  a  source  line  4  (consisting 
of  the  same  source  diffusion,  as  shown  more  clear- 
ly  in  Fig.2)  common  to  each  two  adjacent  rows.  For 

45  each  sector,  a  metal  line  5  is  provided  extending 
parallel  to  the  bit  lines  and  contacting  source  lines 
4.  Metal  line  5  is  connected  to  a  common  source 
node  SN  in  turn  grounded  or  connected  to  the 
supply  via  two  alternately  controlled  switches  6  and 

50  7  forming  part  of  the  circuitry  (external  to  the 
memory  array,  even  though  formed  on  the  same 
chip). 

An  example  layout  of  the  Fig.1  array  is  shown 
in  Fig.2,  which  shows  an  N  type  diffusion  10 

55  formed  in  a  P  type  substrate  1  1  (and  forming  drain 
and  source  regions  12  and  13  of  cells  2  and  source 
lines  4);  polysilicon  strips  14  (forming  word  lines 
WL);  metal  lines  15  (defining  bit  lines  BL);  drain 
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contacts  16  between  drain  regions  12  and  metal 
lines  15;  metal  line  5  with  source  contacts  18;  and 
field  oxide  areas  19  surrounding  and  electrically 
separating  cells  2. 

As  can  be  seen,  to  enable  the  formation  of 
source  contacts  18,  the  otherwise  straight  course  of 
polysilicon  strips  14  is  "detoured"  about  contacts 
18  at  metal  line  5,  which  configuration  not  only 
complicates  the  structure  but  also  poses  problems 
in  terms  of  fabrication. 

Fig.3  shows  the  memory  array  20  according  to 
the  present  invention,  which  again  comprises  a 
number  of  cells  21  arranged  in  rows  and  columns. 
As  in  the  known  structure,  the  gate  regions  of  cells 
21  in  the  same  row  are  connected  to  the  same 
word  line  WL0-WL4;  the  drain  regions  of  the  cells 
in  the  same  column  are  connected  to  the  same  bit 
line  BL0-BL4,  ...  BL16,  BL17  ...;  and  the  cells  are 
again  grouped  into  sectors  22,  in  this  case,  each 
preferably  comprising  sixteen  columns. 

Unlike  the  Fig.1  array,  however,  the  adjacent 
cells  21  in  each  row  in  sector  22  present  the 
source  regions  connected  to  that  of  a  control  or 
"pass"  transistor  23.  The  pass  transistors  23  in 
each  sector  22  are  mutually  connected,  and  more 
specifically  present  the  drain  regions  connected  to 
a  control  line  BLPO,  BLP1,  ...  extending  parallel  to 
bit  lines  BL.  All  the  gate  regions  of  pass  transistors 
23  in  each  row  are  connected  to  the  respective 
word  line  WLO,  WL1,  ...  (and  thus  to  one  another 
and  to  the  gate  regions  of  cells  21  in  the  same 
row),  and  the  source  regions  of  pass  transistors  23 
and  associated  cells  21  are  connected  via  respec- 
tive  source  lines  24. 

Pass  transistors  23  are  conventional  N-channel 
MOS  transistors,  the  only  requisite  of  which  is  that 
the  threshold  voltage  should  be  positive  at  all 
times,  even  under  worst  case  conditions  due  to 
fabrication  problems  (process  corners  resulting 
from  mask  misalignment)  and  variations  in  tem- 
perature. 

Fig.4  shows  the  layout  of  part  of  memory  array 
20,  in  particular,  part  of  two  adjacent  sectors  22.  As 
in  Fig.2  relative  to  the  known  array,  Fig.4  shows  an 
N  type  diffusion  27  formed  in  a  P  type  substrate  28 
(and  forming  the  drain  and  source  regions  29  and 
30  of  cells  21  and  source  lines  24);  polysilicon 
strips  31  (forming  word  lines  WL);  metal  lines  32 
(defining  bit  lines  BL);  and  drain  contacts  33  be- 
tween  drain  regions  29  of  diffusion  27  and  metal 
lines  32. 

As  in  Fig.2,  diffusion  27  presents  a  gridlike 
arrangement  with  intersecting  horizontal  and  verti- 
cal  strips  27a,  27b  (with  the  exception  of  the  chan- 
nel  regions).  Unlike  the  known  layout,  however, 
instead  of  being  continuous,  the  horizontal  strips 
27a  of  diffusion  27  forming  source  lines  24  are 
interrupted  at  the  end  of  each  sector,  and  are 

separated  by  a  field  oxide  layer  34,  which  also 
separates  the  drain  regions  29  of  cells  22  in  adja- 
cent  columns.  Pass  transistors  23  are  formed  be- 
tween  one  sector  and  another.  More  specifically, 

5  drain  and  source  regions  35  and  36  of  the  pass 
transistors  are  formed  in  a  vertical  strip  27c  (inter- 
rupted  at  the  channel  regions)  formed  by  the  same 
diffusion  27.  A  metal  line  38,  defining  line  BLP, 
extends  over  strip  27c,  parallel  to  metal  lines  32, 

io  and  is  connected  electrically  to  drain  regions  35  by 
drain  contacts  39.  Source  regions  36  of  pass  tran- 
sistors  23  are  connected  by  horizontal  strips  27a  to 
source  regions  30  of  cells  21  in  only  one  of  the  two 
adjacent  sectors  (in  this  case,  the  one  to  the  right). 

is  The  same  polysilicon  lines  31  forming  the  control 
gate  regions  of  cells  21  also  form  the  gate  regions 
of  pass  transistors  23. 

By  virtue  of  the  pass  transistors,  it  is  possible 
to  invert  the  source  and  drain  regions  as  regards 

20  the  doping  profile.  In  particular,  to  enable  the  cells 
to  withstand  the  stress  caused  during  erasure  by 
the  high  voltage  between  the  gate  and  source 
regions  (12  V  as  of  present),  a  proposal  has  al- 
ready  been  made  to  provide  for  a  graded  sub- 

25  strate-source  junction  with  an  additional  implant 
step,  so  that  the  source  region  consists  of  two 
parts:  a  deeper,  more  lightly  doped  part  contacting 
the  substrate  (body);  and  a  more  heavily  doped 
part  facing  the  surface  of  the  chip  of  semiconduc- 

30  tor  material. 
Such  a  solution  (not  shown  in  the  Fig.2  layout 

for  reasons  of  clarity)  has  nevertheless  aggravated 
the  effects  of  possible  misalignment  of  the  masks. 
In  fact,  in  the  event  of  misalignment  between  the 

35  poly2  mask  (for  shaping  the  second  polysilicon 
layer  forming  the  control  gate  regions  and  word 
lines)  and  the  active  area  mask  (defining  the  thick 
field  oxide  layer  separating  the  regions  in  which  the 
cells  are  to  be  formed),  the  rounded  edges  of  the 

40  field  oxide  may  penetrate  beneath  the  gate  of  the 
cell,  thus  increasing  the  actual  width  of  the  channel 
and  reducing  the  cell  coupling  factor.  An  example 
of  this  is  shown  in  Fig.5,  in  which  the  error  is 
exaggerated  for  reasons  of  clarity,  and  which 

45  shows  part  of  the  Fig.2  layout  with  the  exception  of 
metal  lines  15.  In  the  example  shown,  cell  2' 
presents  the  above  problem,  which  is  aggravated 
by  heavy  implantation  for  forming  the  enriched 
source  regions  (dotted  line  in  Fig.5).  The  problem 

50  (also  known  as  "funnel  effect")  is  further  aggra- 
vated  in  the  event  of  misalignment  of  the  heavy 
implant  mask  (which  presents  elongated  openings, 
the  top  and  bottom  edges  of  which  roughly  co- 
incide  with  the  center  line  of  word  lines  14),  in 

55  which  case,  the  implant  may  fail  to  entirely  cover 
source  regions  13. 

This  therefore  results  in  a  variation  in  certain  of 
the  cell  parameters,  including  the  threshold  voltage. 

3 
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In  the  example  shown,  only  half  of  the  cells  are 
affected  (cells  2'),  thus  resulting  in  a  difference  in 
threshold  voltage  distribution  and  in  a  double-bell- 
shaped  curve  as  shown  in  Fig.6,  which  shows  the 
number  of  cells  N  with  a  threshold  voltage  VT.  Fig.6 
shows  three  curves:  curve  I  relative  to  the  aligned 
cells  (or,  better,  in  which  misalignment  has  no 
effect  on  the  threshold  voltage);  curve  II  relative  to 
the  cells  affected  by  misalignment;  and  curve  III 
(double  maximum  curve)  relative  to  both  types  of 
cell  (aligned  and  misaligned). 

Such  a  distribution  pattern  is  particularly  disad- 
vantageous  in  that,  in  addition  to  extending  the 
threshold  voltage  range,  it  also  results  in  an  in- 
crease  in  the  number  of  overerased  (depleted) 
cells  with  a  negative  threshold  voltage,  i.e.  which 
may  be  turned  on  even  when  not  selected  for 
reading. 

To  explain  the  above  problem,  Fig.7  shows 
four  cells  2,  indicated  A-D,  forming  part  of  two  rows 
and  two  consecutive  columns,  and  connected  to 
word  lines  WL2,  WL3  and  bit  lines  BL2,  BL3.  At 
one  end  of  bit  lines  BL,  a  column  decoder  CD  is 
provided  including  selection  transistors  T2,  T3,  one 
for  each  column  and  controlled  by  respective  col- 
umn  selection  signals  YN2,  YN3.  Selection  transis- 
tors  T2,  T3  are  connected  in  known  manner  to  a 
transistor  TM  supplied  with  signal  YM;  a  cur- 
rent/voltage  converter  40  for  preventing  an  undesir- 
ed  increase  in  drain  voltage;  a  load  41;  and  a 
sense  amplifier  42,  one  input  of  which  is  connected 
to  a  terminal  of  load  41,  and  the  other  input  of 
which  is  supplied  with  reference  voltage  VR. 

Assuming  cell  A  is  to  be  read,  and  that  all  the 
cells  are  in  ideal  condition  (no  depleted  cells).  By 
means  of  a  row  decoder  RD,  word  line  WL2  is 
brought  in  known  manner  to  supply  voltage  Vcc  - 
(usually  5  V);  the  other  word  lines  (WL3)  are 
grounded;  the  source  regions  of  all  the  cells  are 
grounded;  the  addressed  bit  line  BL2  is  brought  to 
a  voltage  lower  than  the  supply  voltage  (usually  1 
V)  by  T2  and  TM;  and  the  other  bit  lines  (BL3)  are 
virtually  grounded.  In  the  above  situation,  if  cell  A 
is  erased,  it  begins  conducting,  and  current  flows 
along  line  BL2  through  A  to  ground  (dotted  line  11); 
and  all  the  other  cells  connected  to  the  same 
column  BL2  remain  inoperative  by  virtue  of  pre- 
senting  a  zero  source-drain  voltage  drop  Vgs.  Con- 
versely,  if  cell  A  is  written,  it  does  not  switch  on, 
and  no  current  is  supplied.  The  presence  or  ab- 
sence  of  current  along  line  BL2  is  detected  by 
sense  amplifier  42,  which  accordingly  generates  a 
logic  signal.  If,  on  the  other  hand,  cell  B  is  so 
depleted  as  to  present  a  zero  or  negative  threshold 
voltage,  and  comes  on  even  when  Vgs  =  0,  thus 
resulting  in  the  passage  of  current  12  along  bit  line 
BL2.  This  current  may  be  misinterpreted  by  am- 
plifier  42  as  being  relative  to  a  virgin  cell,  thus 

resulting  in  a  read  error. 
The  problem  of  misaligned  cells  resulting  in  a 

probable  increase  in  the  number  of  depleted  cells 
is  solved  here  by  inverting  the  enriched  regions,  as 

5  shown  in  the  Fig.8  cross  section  of  a  cell  21, 
wherein  the  same  reference  numbers  as  in  Fig.4 
are  employed,  with  the  exception  of  the  drain  re- 
gion,  which  is  simplified  in  Fig.4  for  reasons  of 
clarity.  Fig.8  shows  a  P  type  substrate  28  (set  to 

io  voltage  Vb)  with  an  N  type  source  diffusion  30  (set 
to  voltage  Vs)  and  a  drain  region  29  (set  to  voltage 
Vd).  As  can  be  seen,  drain  region  29  comprises  a 
first  deeper  N  type  portion  44;  and  a  second  por- 
tion  45  facing  the  larger  surface  51  of  the  sub- 

15  strate,  of  N  +  type  conductivity,  and  therefore  more 
heavily  doped  as  compared  with  portion  43  by 
virtue  of  phosphorous  implantation.  Fig.8  also 
shows  a  thin  gate  oxide  layer  46;  a  floating  gate 
region  47;  an  interpoly  dielectric  layer  48;  a  control 

20  gate  region  49  (consisting  of  a  polysilicon  strip  31 
and  set  to  voltage  Vg);  and  a  protective  oxide  layer 
50. 

This  therefore  results  in  a  graded  substrate- 
drain  junction  and  a  sharp  substrate-source  junc- 

25  tion  (formed  by  arsenic  implantation),  thus  inverting 
the  characteristics  of  the  two  junctions  as  com- 
pared  with  the  known  solution.  As  such,  in  the 
event  of  misalignment  of  the  poly2  and  active  area 
masks,  no  penetration  occurs,  beneath  the  gate 

30  region,  of  highly  doped  regions  (in  this  case,  re- 
gions  12  as  opposed  to  regions  13  in  Fig.5),  thus 
reducing  the  increase  in  capacitive  coupling  and 
greatly  reducing  dispersion  of  the  characteristic 
quantities  of  the  cell  (particularly  threshold  volt- 

35  age).  Threshold  voltage  distribution  may  therefore 
be  represented  by  a  single  bell-shaped  curve,  simi- 
lar  to  I  in  Fig.6,  indicating  a  reduction  in  the  num- 
ber  of  overerased  or  depleted  (negative  VT)  cells. 

Pass  transistors  23  also  prevent  any  direct 
40  contribution  which  may  be  made  by  any  depleted 

cells  on  the  same  bit  line  during  reading  (as  in  the 
known  memory  described  with  reference  to  Fig.7). 
In  fact,  all  the  cells  on  the  same  addressed  bit  line 
(with  the  exception  of  the  one  whose  source  region 

45  is  connected  to  the  selected  cell)  present  floating 
source  regions,  by  virtue  of  the  respective  pass 
transistors  being  turned  off  (the  respective  control 
gate  regions  are  grounded  and  pass  transistors 
present  strictly  positive  threshold  voltages,  as  de- 

50  scribed).  For  example,  if  the  cell  connected  to  bit 
line  BL0  and  word  line  WL0  is  selected,  all  the 
cells  connected  to  the  same  bit  line  BL0  (except 
for  the  selected  cell  and  the  one  connected  to  word 
line  WL1)  present  floating  source  regions  as  op- 

55  posed  to  grounded  source  regions,  as  in  the  known 
array,  so  that  no  current  can  be  conducted  from 
the  selected  bit  line  BL0  to  ground.  What  is  more, 
the  cell  connected  to  the  selected  cell,  even  if 

4 
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slightly  depleted,  is  normally  also  prevented  from 
coming  on  by  virtue  of  the  pass  transistor  23 
connected  to  the  selected  word  line  WLO  being  on 
and  maintaining  line  24  connected  to  it  at  the 
voltage  of  BLPO.  Consequently,  the  cell  connected 
to  the  selected  cell  presents  a  source  region  at 
said  potential  fixed  by  line  BLPO,  a  grounded  con- 
trol  gate  region,  and  therefore  a  negative  Vgs  volt- 
age,  so  that  it  must  be  seriously  depleted  for  it  to 
be  turned  on. 

The  presence  of  pass  transistors  23  for  each 
given  number  of  cells  21  also  provides  for  reducing 
source  capacitance  (the  capacitance  at  the  source- 
body  junction)  and  consequently  for  reducing  the 
displacement  current  due  to  capacitive  charging  of 
source  line  24  during  erasure,  which  current  repre- 
sents  a  noise  and  must  therefore  be  kept  as  low  as 
possible.  As  already  stated,  by  virtue  of  pass  tran- 
sistors  23,  displacement  current  is  reduced  as 
compared  with  known  arrays,  and,  above  all,  is 
constant  and  independent  of  the  length  of  the  bit 
line,  unlike  known  arrays  in  which  capacitance,  and 
consequently  displacement  current,  increases  lin- 
early  alongside  an  increase  in  the  length  of  the  bit 
line. 

The  advantages  afforded  in  terms  of  improved 
electrical  performance  of  memory  array  20  are 
further  enhanced  by  a  new  method  of  biasing  the 
array,  whereby,  as  compared  with  the  known  bias- 
ing  method,  the  potentials  applied  to  the  source 
and  drain  regions  are  inverted,  as  described  in 
detail  below  by  way  of  comparison  with  the  known 
method  and  with  reference  to  the  read,  erase  and 
programming  steps  of  array  20. 

ARRAY  20  :  READ 

According  to  the  known  technique  (Fig.7),  a 
cell  is  read  by  biasing  the  control  gate  region  of 
the  cell  to  supply  voltage  Vcc  (e.g.  5  V)  via  word 
line  WL,  grounding  the  source  region,  and  biasing 
the  drain  region  to  a  low  voltage,  say,  of  1  V. 

According  to  a  preferred  embodiment  of  the 
read  method  according  to  the  present  invention, 
line  BLP  is  brought  to  supply  voltage  Vcc;  the 
selected  bit  line  is  brought  to  a  voltage  slightly 
below  Vcc  (e.g.  Vcc  -  1  V);  the  nonselected  bit  lines 
are  brought  to  Vcc;  the  selected  word  line  is 
brought  to  a  voltage  above  Vcc;  and  the  nonselec- 
ted  word  lines  are  grounded  (V  =  0  V). 

A  suitable  architecture  for  column  decoding  the 
memory  array  according  to  the  present  invention 
and  employing  the  above  method  is  shown  by  way 
of  example  in  Fig.9,  which,  like  Fig.7,  shows  four 
cells  A',  B',  C  and  D'  of  array  20  connected  to  bit 
lines  BL2,  BL3  and  word  lines  WL2,  WL3;  and  two 
pass  transistors  PT02,  PT03  connected  respec- 
tively  to  word  lines  WL2,  WL3  (besides  of  to  the 

same  control  line  BLPO).  At  one  end  of  bit  lines  BL 
and  control  line  BLP,  a  column-up  decoder  55  is 
provided  comprising  a  number  of  (e.g.  P-channel) 
MOS  load  transistors  56  series  connected  respec- 

5  tively  along  bit  lines  BL  and  control  line  BLP,  and 
supplied  with  respective  control  signals  YM,  YN2, 
YN3  at  the  gate  terminals.  Provision  is  also  made 
for  a  column-down  decoder  57  similar  to  decoder 
CD  in  Fig.7  and  comprising  a  number  of  decoding 

io  transistors  T2',  T3'  one  for  each  bit  line  BL  and 
of  the  opposite  type  to  load  transistors  56  (in  the 
example  shown,  N-channel).  One  terminal  of  each 
decoding  transistor  T2',  T3',  ...  is  connected  to  a 
common  terminal  of  a  transistor  TM'  supplied  with 

is  a  control  signal  YM.  The  other  terminal  of  transistor 
TM'  is  connected  to  a  current/voltage  conversion 
stage  58  similar  to  40  and  interposed  between 
decoder  57  and  one  input  of  a  sense  amplifier  59, 
the  other  input  of  which  is  supplied  with  reference 

20  voltage  VR  and  operates  in  the  same  way  as  am- 
plifier  42  in  Fig.7. 

Column-down  decoder  57  provides  in  known 
manner  for  connecting  the  addressed  bit  line  to 
sense  amplifier  59,  and  column-up  decoder  55  for 

25  biasing  the  nonselected  bit  lines  to  supply  voltage 
Vcc  via  load  transistors  56. 

The  read  method  according  to  the  present  in- 
vention  provides  for  reducing  the  number  of  de- 
pleted  cells  which  may  operate  erroneously  during 

30  reading  and  so  impair  reading  accuracy. 
The  presence  of  depleted  cells  in  fact  may 

result  in  the  formation  of  parasitic  current  conduc- 
tion  paths,  even  in  the  event  the  source  terminals 
of  the  nonaddressed  cells  are  floating. 

35  Supposing,  for  example,  we  wish  to  read  cell  A 
in  Fig.1  connected  to  word  line  WL2  and  bit  line 
BL2;  and  that  cells  H,  E  and  B  are  connected  to 
the  same  bit  line  BL2  and  to  respective  word  lines 
WLO,  WL1,  WL3;  and  cells  G,  F,  C  and  D  are 

40  connected  to  bit  line  BL3  and  to  respective  word 
lines  WLO,  WL1  ,  WL2,  WL3,  as  shown  differently  in 
Fig.1  0.  As  can  be  seen,  in  addition  to  the  possibil- 
ity  of  error  due  to  the  direct  current  of  cell  B 
connected  to  the  same  bit  line  BL2,  if  depleted  (as 

45  explained  above),  a  further  contribution  may  also 
be  made  by  any  parasitic  cells  along  the  parasitic 
path  formed  by  cells  C,  G  and  H. 

With  the  read  method  according  to  the  present 
invention,  however,  no  current  is  contributed  by 

50  any  depleted  cells  along  possible  parasitic  paths. 
In  fact,  as  shown  in  Fig.1  1  similar  to  Fig.1  0  but 
relative  to  the  present  memory  array  biased  as 
described  above,  cells  C  and  D'  (connected  to  the 
same  source  line  24  and  the  same  bit  line  BL3  but 

55  to  respective  word  lines  WL2,  WL3)  present  drain 
and  source  regions  at  the  same  potential  Vcc,  and 
consequently  Vds  =  0  V,  thus  preventing  a  para- 
sitic  current  path  being  formed  through  them.  The 

5 
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same  also  applies  to  all  the  other  cells  in  the  sector 
connected  to  the  same  or  to  an  associated  word 
line  (i.e.  with  a  common  source  line  24),  thus 
providing  for  improvement  as  compared  with  the 
known  technique. 

Moreover,  the  read  method  according  to  the 
present  invention  also  provides  for  reducing  supply 
voltage  for  a  given  error  probability  tolerance.  In 
fact,  according  to  the  present  method,  the  cells 
connected  to  the  addressed  bit  line  present  a  float- 
ing  terminal  (normally  operating  as  the  source),  and 
a  terminal  (normally  operating  as  the  drain)  biased 
to  Vcc  -  1.  In  this  case,  the  biased  terminal  may 
operate  as  the  source,  and,  if  highly  depleted,  the 
cell  may  be  turned  on  at  certain  Vgs  voltages 
(where  the  biased  terminal  is  the  source).  To  evalu- 
ate  the  degree  of  depletion  required  for  a  cell  to  be 
turned  on  under  the  above  bias  conditions,  bear  in 
mind  that  the  threshold  voltage  VT  of  memory  cells 
(as  with  MOS  transistors)  depends,  among  other 
things,  on  the  difference  in  potential  Vsb  between 
the  source  region  and  the  body  region  (body  ef- 
fect),  so  that: 

Vgs,on  =  VT0  +  DVT 

where  VT0  is  the  threshold  voltage  of  the  cells 
when  the  source  region  is  at  the  same  potential  as 
the  substrate  (ground),  and  depends  on  various 
factors,  such  as  the  fabrication  process  and  tem- 
perature;  and  DVT  is  the  increase  in  threshold  volt- 
age  due  to  biasing  the  source  region  in  relation  to 
the  substrate  (bulk),  and  which  approximately 
equals: 

DVm  =  V v / v T  
T  0  s b  

where  7  is  a  constant  depending  on  the  process 
(and  normally  ranging  between  0.4  and  1.2);  and 
Vsb  is  the  fall  in  potential  between  the  source  and 
substrate. 

As  such,  positive  biasing  of  the  terminal  which 
could  possibly  operate  as  the  source  and  turn  the 
cells  on  provides  for  increasing  the  threshold  volt- 
age  of  the  nonselected  cells,  which  thus,  even  if 
slightly  depleted,  in  no  way  interfere  with  the  read- 
ing.  More  specifically,  the  bias  condition  of  the 
nonselected  cells  is  equivalent  to  that  produced  by 
a  voltage  drop  between  the  control  gate  and 
source: 

Vgs,eq  =  "  (Vcc  -  1  V)  -  DVT 

so  that  they  can  only  be  turned  on  (when  not 
selected)  when  they  are  so  depleted  that  the 
threshold  voltage  is  below  Vgs  on. 

For  a  typical  process  employed  by  the  Ap- 
plicant,  it  has  been  calculated  that  Vgseq  -  -2.3  V 
when  Vcc  =  2.4  V,  and  Vgs,eq  =  -4.2  V  when  Vcc  = 
3.6  V.  Even  under  the  worst  low  voltage  supply 

5  conditions  (Vcc  =  2.4  V),  therefore,  for  the  depleted 
nonselected  cells  to  be  turned  on,  the  threshold 
voltage  must  be  less  than  -2.3  V,  that  is,  a  gain  of 
over  2  V  as  compared  with  the  known  technique 
has  been  achieved. 

10  This  therefore  enables  a  reduction  in  supply 
voltage  Vcc-  Supply  voltage,  in  fact,  is  determined 
by  the  read  voltage,  which  is  selected  equal  to  the 
maximum  value  (as  determined  by  supply)  so  that 
it  is  as  rapid  as  possible.  With  standard  biasing, 

15  since  the  threshold  of  the  written  cells  is  roughly  5 
V,  the  cells  are  erased  until  they  present  a  thresh- 
old  of  roughly  3.2  V,  so  that,  taking  into  account 
the  bell-shaped  threshold  voltage  dispersion  curve, 
the  slightly  erased  cells  may  also  be  read  correctly 

20  without  excessively  reducing  the  threshold  voltage 
of  the  depleted  cells.  In  connection  with  the  above, 
Fig.1  2  shows  a  graph  of  the  source-drain  current 
lds,  as  a  function  of  Vgs,  of  a  written  cell  (curve  a) 
and  an  erased  cell  (curve  /3)  with  VT  equal  to  the 

25  mean  value  of  the  bell-shaped  curve.  In  this  case, 
all  the  addressed  cells  with  VT  <  5  V  may  be  read 
correctly.  Fig.1  2  also  shows  curve  S  relative  to  a 
depleted  cell  with  a  negative  threshold  voltage  and 
which  therefore  conducts  current,  even  when  Vgs  = 

30  0  V,  thus  possibly  resulting  in  a  read  error  as 
explained  above. 

In  other  words,  for  a  given  supply  (and  thus 
read)  voltage,  and  a  given  depleted  cell  probability 
(as  determined  by  the  bell-shaped  distribution 

35  curve),  biasing  as  described  above  provides  for 
raising  the  threshold  of  the  nonselected  cells  and 
so  also  shifting  the  depleted  cell  curve  accordingly. 
This  corresponds  to  shifting  curve  S  rightwards  to  a 
positive  VT  value,  instead  of  a  negative  one  (curve 

40  8').  Alternatively,  as  the  architecture  described  pro- 
vides  anyway  for  only  a  small  number  of  depleted 
cells,  instead  of  reducing  the  number  of  depleted 
cells  by  raising  the  threshold  voltage,  it  is  possible 
to  reduce  the  supply  (and  read)  voltage  by  the  gain 

45  in  terms  of  an  increase  in  the  threshold  voltage  of 
the  depleted  cells.  That  is,  if  biasing  as  described 
provides  for  gaining  2  V  as  regards  the  threshold 
voltage,  i.e.  for  shifting  the  curve  of  all  the  nonad- 
dressed  cells,  including  the  depleted  ones,  by  2  V, 

50  the  supply  (and  read)  voltage  may  be  reduced  by 
the  same  2  V  with  no  change  in  the  depleted  cell 
probability  as  compared  with  the  known  read  meth- 
od  (all  other  conditions  remaining  the  same).  This 
means  shifting  curve  /3  leftwards  (curve  /3')  and  the 

55  possibility  of  reading  the  selected  cells,  for  exam- 
ple,  at  3.2  V  =  Vcc. 

Reducing  the  voltage  as  described  above  is 
particularly  advantageous  in  view  of  the  current 

6 
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tendency  towards  reducing  the  supply  voltage  of 
integrated  circuits. 

Though  it  may  not  appear  so  at  first  sight,  the 
read  method  described  involves  practically  no 
stress  problems  at  the  drain  terminal  of  the  nonad- 
dressed  cells  (with  Vg  =  0  V  and  Vd  =  Vcc).  In 
fact,  stress  due  to  the  electric  field  in  the  tunnel 
oxide  area  is  maximum  in  the  case  of  written  cells 
with  negative  charges  trapped  in  the  floating  gate 
region.  According  to  the  Applicant's  calculations, 
current  fabrication  processes  provide  for  a  field 
through  the  tunnel  oxide  of  E  =  5  MV/cm  and  a 
tunnelling  current  density  of  J  =  4.4  *  10-19  A/cm2, 
the  latter  being  calculated  on  the  basis  of  the 
discharge  current  of  a  capacitor  as  per  the  Fowler- 
Nordheim  equation. 

The  resulting  current  value,  in  the  worst  case 
of  a  tunnel  area  of  1  urn2,  corresponds  to  a  thresh- 
old  (erase)  voltage  shift  of  1  V  in  roughly  70,000 
years,  and  is  thus  totally  negligible. 

ARRAY  20:  ERASE 

In  a  flash-EEPROM  array,  all  the  cells  in  a 
given  sector  of  the  array  are  erased  simultaneous- 
ly.  According  to  the  known  erase  method,  in  the 
sector  to  be  erased,  all  the  word  lines  are  ground- 
ed  (0  V),  all  the  source  lines  are  brought  to  12  V, 
and  all  the  bit  lines  remain  floating,  so  that  the  cells 
present  a  negative  Vgs  of  -12  V  and  a  floating  drain 
terminal. 

According  to  the  proposed  method,  biasing  is 
inverted,  so  that  all  the  bit  lines  in  the  sector  to  be 
erased  are  brought  in  known  manner  to  a  relatively 
high  positive  voltage  (e.g.  12  V)  derived  from  the 
Vpp  pin;  all  the  word  lines  are  kept  grounded;  and 
all  the  source  regions  are  maintained  floating. 

With  the  above  biasing,  a  strong  electric  field  is 
developed  between  the  floating  gate  and  drain  re- 
gions,  and  a  negative  charge  is  extracted  from  the 
floating  gate  towards  the  drain  regions  by  Fowler- 
Nordheim  tunnelling.  By  virtue  of  the  graded  junc- 
tion  in  the  drain  region,  this  is  capable  of  safely 
withstanding  the  high  voltage  applied;  and,  by  vir- 
tue  of  inverting  the  graded  junction  (phosphorous 
doped)  which  in  this  case  contacts  the  bit  line  in 
the  form  of  a  metal  line,  the  funnel  effect  is  sub- 
stantially  reduced. 

Also,  with  the  solution  described,  all  the  cells  in 
the  sector  present  exactly  the  same  erase  voltage, 
by  virtue  of  the  series  resistance  of  the  metal  bit 
line  being  decidedly  less  than  that  of  the  source 
line  (in  the  active  area).  For  this  reason  also, 
threshold  dispersion  of  the  erased  cells  is  thus 
reduced. 

To  prevent  undesired  stress  on  the  other  sec- 
tors,  it  is  sufficient  that  the  various  sectors  do  not 
share  the  same  metal  bit  lines.  As  shown  in  Fig.4, 

the  source  lines  formed  in  the  active  area  are  not 
shared  by  other  sectors,  thus  preventing  a  parasitic 
path  through  a  depleted  cell  from  supplying  high 
voltage  to  the  source  region  of  a  cell  in  another 

5  sector  which  is  not  intended  to  be  erased. 

ARRAY  20  :  PROGRAMMING 

As  is  known,  cells  are  written  (or  "pro- 
io  grammed")  by  injecting  "hot  electrons"  into  the 

floating  gate  region.  At  present,  this  is  done  by 
connecting  the  control  gate  to  a  high  voltage  (e.g. 
12  V),  grounding  one  terminal  (source),  and  con- 
necting  the  other  terminal  (drain)  to  a  voltage  below 

is  that  of  the  gate  (and  normally  ranging  between  5 
and  7  V).  The  electrons  are  thus  accelerated  by  the 
longitudinal  electric  field  between  the  source  and 
drain,  and  so-called  "hot  electrons"  (i.e.  with  above 
average  energy)  are  generated  close  to  the  high- 

20  voltage  terminal.  Some  of  the  hot  electrons  are 
injected  through  the  thin  tunnel  oxide  and  are 
trapped  in  the  floating  gate  region,  thus  resulting  in 
a  negative  potential.  As  injection  efficiency  (i.e.  the 
ratio  between  the  drain  current  and  floating  gate 

25  current)  is  in  the  region  of  10-7,  the  above  pro- 
gramming  method  therefore  requires  large  amounts 
of  current  (0.5  to  1  M.A  per  cell)  from  the  Vpp  =  12 
V  supply  pin,  which  also  supplies  a  voltage  regula- 
tor  integrated  in  the  same  chip  and  generating  the 

30  voltage  (5-7  V)  applied  to  the  drain  terminal  during 
programming. 

According  to  one  embodiment  of  the  proposed 
method,  however: 

-  the  selected  word  line  is  brought  to  a  high 
35  voltage  (12  V); 

-  the  selected  bit  line  is  brought  to  a  low  volt- 
age  (2  V); 

-  the  other  word  lines  are  kept  grounded  (0  V); 
-  the  other  bit  lines  are  left  floating; 

40  -  the  selected  control  bit  line  is  kept  at  a  fairly 
high  voltage  (6-7  V). 

With  the  present  method,  no  stress  is  pro- 
duced  on  the  drain  terminal  of  the  nonselected 
cells  in  the  selected  bit  line,  by  virtue  of  the  low 

45  voltage  (2  V)  applied. 
The  programming  method  described  provides 

for  improved  reading  efficiency  by  improving  hot 
electron  injection,  due  to  the  difference  in  potential 
between  the  substrate  and  drain  (i.e.  between  the 

50  substrate  and  low-voltage  terminal)  being  -2  V  as 
opposed  to  zero,  as  in  the  known  method. 

Moreover,  the  proposed  programming  method 
also  provides  for  reducing  the  parasitic  paths  by 
biasing  the  drain  region  (selected  bit  line)  to  2  V, 

55  thus  enabling  the  so-called  body  effect  to  be  effec- 
tively  exploited,  as  described  in  connection  with  the 
read  step.  Obviously,  in  the  event  the  overerased 
(depleted)  cells  all  present  a  threshold  voltage  of 

7 



13 EP  0  616  332  A1 14 

over  -2  V  (a  reasonable  assumption  in  most  cases) 
all  the  parasitic  paths  are  entirely  cut  off. 

The  proposed  architecture  also  provides  for 
correct  self-timing  during  programming. 

Using  known  architecture,  in  view  of  the  fact 
that  the  bias  voltages  are  reached,  not  instanta- 
neously,  but  after  a  more  or  less  steep  transient 
state,  the  duration  of  which  obviously  also  depends 
on  the  final  voltage  value,  it  is  necessary,  during 
programming,  to  prevent  the  drain  terminal  of  the 
cell  for  programming  from  reaching  a  high  voltage 
(5-7  V)  before  the  control  gate  region  reaches  the 
operating  potential  (12  V).  If  not,  stress  is  created 
at  the  drain  terminal,  and  the  cell  begins  conduct- 
ing  subthreshold  current  (the  source  terminal  is 
grounded).  As  a  result,  some  of  the  electrons 
trapped  in  the  floating  gate  may  be  injected  to- 
wards  the  channel  region,  thus  depleting  the  cell, 
so  that,  at  the  next  programming  step,  the  cell  fails 
to  be  programmed  completely,  and  so  resulting  in 
a  programming  error  (less  than  the  required  thresh- 
old  voltage). 

To  prevent  this  from  happening,  the  circuitry  of 
known  memories  requires  a  timing  logic,  which 
provides  for  first  applying  the  control  gate  voltage 
(12  V)  and,  only  when  this  reaches  the  operating 
value,  for  biasing  the  bit  line  to  the  required  voltage 
(7  V). 

With  the  architecture  described,  however,  by 
virtue  of  the  self-timing  characteristic  of  the  se- 
lected  cell,  word  and  bit  line  biasing  may  be  effec- 
ted  simultaneously.  In  fact,  even  in  the  event  the 
selected  bit  line  reaches  the  operating  potential  (2 
V)  before  the  selected  word  line  reaches  the  op- 
erating  value  (12  V),  the  cell  connected  to  it  stays 
off  by  virtue  of  presenting  a  floating  source  region 
connected  to  the  source  region  of  the  respective 
pass  transistor,  which  is  also  off.  The  selected  cell 
can  only  be  turned  on  upon  the  selected  word  line 
reaching  the  operating  voltage,  thus  turning  on  the 
relative  pass  transistor  and  so  connecting  the  rela- 
tive  source  line  to  the  respective  control  bit  line 
(BLP). 

To  those  skilled  in  the  art  it  will  be  clear  that 
changes  may  be  made  to  the  memory  and  biasing 
method  as  described  and  illustrated  herein  without, 
however,  departing  from  the  scope  of  the  present 
invention.  In  particular,  it  should  be  stressed  that, 
though  the  memory  array  according  to  the  present 
invention  may  be  advantageously  biased  using  the 
method  described,  it  may  also  be  read,  pro- 
grammed  and  erased  using  a  known  method. 

Claims 

1.  A  nonvolatile  flash-EEPROM  memory  array 
(20)  comprising  a  number  of  memory  cells  (21) 
arranged  in  rows  and  columns  and  having 

drain  regions  (29)  connected  to  respective  bit 
lines  (BL,  32),  source  regions  (30)  connected 
to  respective  source  lines  (24),  and  control 
gate  regions  (49)  connected  to  respective  word 

5  lines  (WL,  31);  characterized  by  the  fact  that  it 
comprises  a  number  of  control  transistors  (23), 
at  least  one  for  each  said  word  line  (WL,  31); 
each  said  control  transistor  presenting  a  drain 
region  (35)  connected  to  a  control  bit  line 

io  (BLP,  38),  a  gate  region  connected  to  a  re- 
spective  said  word  line  (WL,  31),  and  a  source 
region  (36)  connected  to  a  respective  said 
source  line  (24). 

is  2.  A  nonvolatile  flash-EEPROM  memory  array 
(20)  as  claimed  in  Claim  1,  comprising  a  num- 
ber  of  groups  (22)  of  memory  cells  (21)  ar- 
ranged  in  rows  and  columns  and  having  drain 
regions  (29)  connected  to  respective  bit  lines 

20  (BL,  32),  source  regions  (30)  connected  to 
respective  source  lines  (24),  and  control  gate 
regions  (49)  connected  to  respective  word 
lines  (WL,  31);  characterized  by  the  fact  that  it 
comprises  a  number  of  groups  of  control  tran- 

25  sistors  (23),  each  group  of  control  transistors 
being  relative  to  a  respective  group  (22)  of 
memory  cells  (21),  and  a  number  of  control  bit 
lines  (BLP,  38),  one  for  each  group  of  control 
transistors  (23);  each  said  control  transistor  of 

30  each  group  presenting  a  drain  region  (35)  con- 
nected  to  the  respective  control  bit  line  (BLP, 
38);  and  all  said  control  transistors  (23)  pre- 
senting  a  gate  region  connected  to  a  respec- 
tive  said  word  line  (WL,  31),  and  a  source 

35  region  (36)  connected  to  a  respective  said 
source  line  (24). 

3.  A  memory  array  as  claimed  in  Claim  2,  char- 
acterized  by  the  fact  that  the  source  lines  (24) 

40  connecting  the  source  regions  (30)  of  the  cells 
(21)  in  one  group  (22)  and  of  the  respective 
control  transistors  (23)  relative  to  said  group 
are  separated  from  the  source  lines  (24)  of  the 
other  groups  of  memory  cells. 

45 
4.  A  memory  array  as  claimed  in  Claim  3, 

wherein  said  groups  (22)  of  memory  cells  (21) 
are  integrated,  adjacent  to  one  another,  in  a 
wafer  of  semiconductor  material,  and  said  word 

50  lines  (WL,  31)  extend  parallel  to  and  over  the 
entire  width  of  said  array  rows;  characterized 
by  the  fact  that  said  source  lines  (24)  extend 
parallel  to  said  word  lines  (WL,  31)  and  over 
portions  of  predetermined  width  less  than  said 

55  width  of  said  array  rows  and  equal  to  the  width 
of  each  group  (22)  of  memory  cells  (21). 
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5.  A  memory  array  as  claimed  in  Claim  4,  char- 
acterized  by  the  fact  that  each  group  of  control 
transistors  (23)  is  located  between  two  adja- 
cent  groups  (22)  of  memory  cells  (21). 

6.  A  memory  array  as  claimed  in  Claim  5, 
wherein  the  columns  of  said  memory  array 
(20)  are  defined  by  first  strips  of  semiconduc- 
tor  material  (27b)  defining  said  drain  and 
source  regions  (29,  30)  and  separated  partially 
by  electrically  insulating  regions  (34);  char- 
acterized  by  the  fact  that  said  source  and  drain 
regions  (36,  35)  of  said  control  transistors  (23) 
in  each  group  of  control  transistors  are  formed 
in  a  respective  second  strip  of  semiconductor 
material  (27c)  extending  parallel  to  said  first 
strips  of  semiconductor  material  (27b);  each 
said  second  strip  of  semiconductor  material 
(27c)  being  separated  electrically  (34)  from 
said  first  strips  of  semiconductor  material 
(27b)  defining  said  source  and  drain  regions  of 
a  first  group  of  adjacent  cells  (21),  and  being 
electrically  connected  to  said  first  strips  of 
semiconductor  material  (27b)  defining  said 
source  and  drain  regions  of  a  second  group  of 
adjacent  cells  (21)  via  third  strips  of  semicon- 
ductor  material  (27a)  extending  perpendicular 
to  said  first  and  second  strips  of  semiconduc- 
tor  material  (27b,  27c)  and  defining  the  source 
lines  (24)  of  said  second  group  of  cells  (21). 

7.  A  memory  array  as  claimed  in  Claim  6, 
wherein  lines  of  semiconductor  material  (31) 
extend  over  the  surface  (51)  of  said  wafer  of 
semiconductor  material,  and  define  said  word 
lines  (WL);  characterized  by  the  fact  that  said 
lines  of  semiconductor  material  (31)  extend  in 
straight  lines  over  the  entire  width  of  said 
memory  array,  and  define  said  gate  regions  of 
said  control  transistors  (23);  and  by  the  fact 
that  said  control  bit  lines  (BLP)  consist  of  metal 
lines  (38)  extending  parallel  to  said  first  and 
second  strips  of  semiconductor  material  (27b, 
27b)  and  over  and  isolated  from  said  second 
strips  of  semiconductor  material  (27c). 

8.  A  memory  array  as  claimed  in  any  one  of  the 
foregoing  Claims  from  1  to  7,  wherein  said 
memory  cells  (21)  are  formed  in  a  substrate  of 
semiconductor  material  (28)  defining  a  larger 
surface  (51);  characterized  by  the  fact  that 
each  of  said  drain  regions  (29)  of  said  memory 
cells  comprises  a  first  portion  (45)  facing  said 
larger  surface  (51)  and  having  a  first  doping 
level;  and  a  second  portion  (44)  having  a  sec- 
ond  doping  level  lower  than  said  first  level; 
said  second  portion  (44)  surrounding  said  first 
portion  (45)  on  the  sides  not  facing  said  larger 

surface  (51). 

9.  A  memory  array  as  claimed  in  Claim  8,  char- 
acterized  by  the  fact  that  said  drain  regions 

5  (29)  of  said  memory  cells  (21)  are  doped  with 
phosphorous,  and  said  source  regions  (30)  of 
said  memory  cells  are  doped  with  arsenic. 

10.  A  method  of  biasing  a  flash-EEPROM  memory 
io  array  (20)  comprising  a  number  of  memory 

cells  (21)  arranged  in  rows  and  columns  and 
having  drain  regions  (29)  connected  to  respec- 
tive  bit  lines  (BL),  source  regions  (30)  con- 
nected  to  respective  source  lines  (24)  and  con- 

15  trol  gate  regions  (49)  connected  to  respective 
word  lines  (WL),  and  substrate  regions  (28) 
housing  said  drain  and  source  regions,  as 
claimed  in  Claim  8  or  9;  characterized  by  the 
fact  that  the  potentials  applied  to  said  source 

20  and  drain  regions  are  mutually  inverted  with 
respect  to  standard  potentials,  so  as  to  apply  a 
positive  voltage  to  said  source  region  (30)  with 
respect  to  said  drain  region  (29)  during  the  cell 
reading  step;  so  as  to  apply  a  positive  voltage 

25  to  said  drain  region  (29)  with  respect  to  said 
substrate  region  (28)  at  the  cell  erase  step; 
and  so  as  to  apply  a  positive  voltage  to  said 
source  region  (30)  with  respect  to  said  drain 
region  (29)  at  the  cell  programming  step. 

30 
11.  A  method  as  claimed  in  Claim  10,  character- 

ized  by  the  fact  that,  during  said  read  step, 
said  source  line  (24)  connected  to  said  se- 
lected  cell  (21)  is  brought  to  the  supply  voltage 

35  (Vcc);  said  selected  word  line  (WL)  is  brought 
to  a  voltage  higher  than  said  supply  voltage; 
the  source  lines  (24)  not  connected  to  said 
selected  cell  (21)  are  left  floating;  the  non- 
selected  word  lines  (WL)  are  brought  to  the 

40  same  potential  as  said  substrate  region  (28); 
and  the  nonselected  bit  lines  (BL)  are  brought 
to  said  supply  voltage  (Vcc). 

12.  A  method  as  claimed  in  Claim  10  or  11,  char- 
45  acterized  by  the  fact  that,  during  said  program- 

ming  step,  said  selected  word  line  (WL)  is 
brought  to  a  high  voltage;  the  nonselected 
word  lines  (WL)  are  brought  to  the  potential  of 
said  substrate  region  (28);  and  the  nonselected 

50  bit  lines  (BL)  are  left  floating. 

55 
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